Prosopis juliflora and Parthenium hysterophorus are the two arid, exotic weeds of India that are characterized by distinct, profuse growth even in nutritionally poor soils and environmentally stressed conditions. Owing to the exceptional growth nature of these two plants, they are believed to harbor some novel bacterial communities with wide adaptability in their rhizosphere. Hence, in the present study, the bacterial communities associated with the rhizosphere of Prosopis and Parthenium were characterized by clonal 16S rRNA gene sequence analysis. The culturable microbial counts in the rhizosphere of these two plants were higher than bulk soils, possibly influenced by the root exudates of these two plants. The phylogenetic analysis of V1_V2 domains of the 16S rRNA gene indicated a wider range of bacterial communities present in the rhizosphere of these two plants than in bulk soils and the predominant genera included Acidobacteria, Gammaproteobacteria, and Bacteriodetes in the rhizosphere of Prosopis, and Acidobacteria, Betaproteobacteria, and Nitrospirae in the Parthenium rhizosphere. The diversity of bacterial communities was more pronounced in the Parthenium rhizosphere than in the Prosopis rhizosphere. This culture-independent bacterial analysis offered extensive possibilities of unraveling novel microbes in the rhizospheres of Prosopis and Parthenium with genes for diverse functions, which could be exploited for nutrient transformation and stress tolerance in cultivated crops.
The microbial communities in rhizosphere soil are functionally more active and structurally more complex than nonrhizosphere (bulk) soil [27] . The rhizosphere constitutes a chemically complex niche that may be exploited by a wide variety of bacteria that in turn exert many beneficial effects including nutrient transformations, plant growth promotions, disease suppression, and tolerance to abiotic stresses like drought and salinity [30] . The variability in root structure and functioning among the plant species cause the spatial and temporal heterogeneities in a microbial community and resource exchange [11] . The rhizosphere microbial and faunal communities have very diverse membership, including symbiotic and saprotrophic bacteria and fungi, grazing protozoa, nematodes, mites, enchytraeid worms, etc. [7] .
Prosopis juliflora, an evergreen woody plant introduced from South America that can grow in most of the Indian agroclimatic conditions and withstand severe stress condition, is useful for afforestation of wastelands especially affected with salinity [5] . Ragweed (Parthenium hysterophorus) is an aggressive herbaceous weed of the Asteraceae with an almost worldwide occurrence [46] . In India, it is spread over all parts of the country including the Himalayas and causes severe health hazards to human and animals and reduces agricultural productivity. It has very high adaptability and can grow in wastelands and soilless hard surfaces [38] . Bioprospecting the rhizosphere of those plants growing under extreme ecological conditions, like the salt marsh of Atlantic coasts [1, 2] or the desert ecosystem [9] , is a unique approach to find beneficial microorganisms with high ecological adaptability. As these plants survive extreme variations in temperature and moisture and grow well in nutritionally poor soils with low organic contents, it is believed that microorganisms living in association with the plants should possess adaptive mechanisms to manage with frequent stress conditions [9] . Hence, it is hypothesized that the rhizosphere of these two plants should also harbor some novel bacterial communities in their rhizosphere with adaptability to severe drought, high salinity, and nutritionally poor conditions. In our earlier study, we have demonstrated the diversity potential of rhizosphere soils of *Corresponding author Phone: +914226611294; Fax: +914222431672; E-mail: dbalu2000@yahoo.com Prosopis and Parthenium in terms of diazotrophic bacterial communities [10] .
The diversity of soil microorganisms has been exploited for many years based on the cultivation and isolation of microbial species in general or specific nutritional media. It has been estimated that 0.1-1% of the total soil population can be cultured by applying these techniques, and the vast majority of genetic diversity present in this population is still unexplored owing to difficulties in enriching and isolating these microorganisms [43] . These unknown microorganisms represent an untapped reservoir of novel species and strains [37] . Hence, culture-based methodology is inadequate to serve the needs of microbial ecologists seeking to describe the diversity of bacterial communities in environmental samples [26] . Alternatively, culture-independent molecular techniques provide relatively new avenues for studying bacterial communities of soil in general as well as specific functional groups [14, 22, 24] . For studying microbial communities of soil, the marker of choice is highly conserved ribosomal genes (16S rRNA gene) [15] , and the community profile of an ecosystem can be studied either by sequence polymorphisms and phylogenetic diversity using clonal libraries [47] or by fingerprinting methods such as denatured gradient gel electrophoresis [33] , terminal restriction fragment length polymorphism [32] , and length heterogeneity of hypervariable regions of 16S rRNA gene [44] .
As continuation of our earlier investigation on rhizospheres of Prosopis and Parthenium [10], the present investigation was mainly focused to identify the rhizosphere bacterial community profile as revealed by the 16S rRNA gene sequences of these two plants by a culture-independent metagenomic approach. No reports are available so far in this regard, and this is the first molecular study of bacterial community structure and diversity in Prosopis juliflora and Parthenium hysterophorus by 16S rRNA gene sequence analysis.
MATERIALS AND METHODS

Soil Sampling
Three replicated samples each from rhizosphere and bulk (nonrhizosphere) soils of both Prosopis juliflora and Parthenium hysterophorus plants were collected from wastelands near the Wetland Experimental Station of Tamil Nadu Agricultural University, Coimbatore, India (11 o 16' N; 76 o 58' E) during August 2010. In the case of Prosopis, the active roots at a depth of about 50 cm were collected at four locations of the same tree, and soil adhering to the roots were carefully collected in sterile polythene bags and pooled for each sample. The Parthenium plants were uprooted and rhizosphere soil samples were collected. The non-rhizosphere (bulk) soils were collected away from the root systems and not influenced by the roots of the plants in the same location at a depth of 0-30 cm. The microbiological analysis of the soil samples was carried out on the same day of sampling to minimize the storage effects. After removing stones and stubbles, the powdered soils were packed in water-tight plastic bags and stored at -20 o C for physico-chemical and metagenomic analyses. The soil pH, electrical conductivity (EC), and total macro-and micronutrients including nitrogen, phosphorus, potassium, copper, manganese, iron, and zinc were analyzed by following standard procedures [4] . The number of culturable bacteria, total fungi, and diazotrophs were quantified using the dilution plating, agar media, and incubation times and temperatures described by Weaver et al. [48] .
DNA Extraction and Quantification
DNA was extracted from each soil sample using the Fast-DNA Spin Kit for Soil (Qbiogene, Irvine, CA, USA) from 500 mg of soil, following the manufacturer's specifications. High-molecular-weight DNA was quantified using a spectrophotometer (Nonodrop ND1000; Thermo Scientific, USA) and diluted to 20 ng/µl working stock.
PCR Amplification of Hypervariable Domains of 16S rRNA Gene
Hypervariable domains of the 16S rRNA gene (V1_V2) were amplified for each sample using universal bacterial primers, 27F (5'-AGA GTT TGA TCM TGG CTC AG-3') [44] and 355R (5'-GCT GCC TCC CGT AGG AGT-3') [12] . The PCR reaction was performed using 1× PCR buffer, 2.5 mM MgCl 2 , 250 µM dNTPs, 0.5 U DNA polymerase (Fermentas, USA), 1 µM each of forward and reverse primers (Chromous Biotech, Bangalore, India), 1.0% bovine serum albumin fraction V (Fisher Scientific), 25 ng of metagenomic DNA, and diethylpyrocarbonate-treated water to a final volume of 40 µl. Amplification was performed using a thermocycler (Eppendoff, Germany) with the following parameters: initial denaturation at 95 16S rRNA Gene Clonal Library Construction and ARDRA PCR products were purified using a GenElute PCR clean up kit (Sigma-Aldrich Co., Germany) and the purified products were cloned into a T/A cloning vector, pTZ57R (Fermentas, USA), according to manufacturer's protocol. The cloned vectors were transformed to E. coli DH5α by using the chemical transformation method [41] . The metagenomic clonal libraries for each plant from rhizosphere-and non-rhizosphere (bulk) soils were stored in 300 µl volume 96-well microtiter plates with 20% glycerol at -80 o C for further analysis. All the clones from each library were subjected to colony PCR by using M13F and M13R primers (Fermentas, USA), and the amplified ribosomal DNA restriction analysis (ARDRA) of recombinants containing the expected insert size (500 bp) was carried out employing HaeIII enzyme (Fermentas, USA), followed by 2% (w/v) agarose gel electrophoresis. Clones showing unique ARDRA patterns were selected and sequenced using an ABI prism terminator cycle sequencing ready reaction kit, and electrophoresis of the products was carried out on an Applied Biosystems (Model 3100) automated sequencer (Bangalore-Genei, Bangalore, India).
Phylogenetic Analysis
The identity of 16S rRNA gene sequences was performed by similarity search using the BLAST tool (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The closest species, strain, and per cent similarity to the isolates were obtained from the BLAST result. The phylogenetic tree was constructed with existing 16S rRNA gene sequences from different bacteria, obtained from the NCBI GenBank database. The phylogenetic
